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Microgravity Measurements Group Meeting #19

Summary

The Microgravity Measurements Group (MGMG) meetings have been held since

1988 to provide a forum for an exchange of information and ideas about various aspects

of microgravity acceleration research in international microgravity research programs.

These meetings are sponsored by the PI Microgravity Services (PIMS) project at the

NASA Glenn Research Center for the NASA Microgravity Research Program and

cooperating international microgravity research programs.

The nineteenth MGMG meeting was held 11-13 July 2000 at the Sheraton Airport

Hotel in Cleveland, Ohio. The forty-four attendees represented NASA, other space
agencies, universities, and commercial companies; eight of the attendees were

international representatives from Japan, Italy, Canada, Russia, and Germany. Twenty-

seven presentations were made on a variety of microgravity environment topics

including the International Space Station (ISS), acceleration measurement and analysis

results, science effects from microgravity accelerations, vibration isolation, free flyer

satellites, ground testing, vehicle characterization, and microgravity outreach and

education. A description of a tour of three microgravity-related facilities is also included
in the minutes.

The meeting agenda is in the minutes and it lists each speaker, the title of their

presentation, and the actual time of their presentation. The minutes also include the

charts for each presentation which indicate the authors" name(s) and affiliation. In some

cases, a separate written report was submitted and has been included here. The

presentation charts are organized in order of their presentation at MGMG #19.

Mr. Valentin Argakov announced that his office in Samara, Russia had hosted a

European microgravity symposium. In future years, this meeting will be opened to
researchers in other countries. Mr. Agarkov invited MGMG attendees to consider
submitting a paper for consideration at this conference.

GRC Facility Tour

A feature of the meeting was a tour of three facilities of NASA Glenn Research

Center, the 2.2 Second Drop Tower, the Microgravity Emissions Laboratory, and the
Fluids and Combustion Facility engineering models. This tour was arranged so that the

MGMG #19 attendees could become more familiar with these microgravity facilities.

2.2 Second Drop Tower

This facility allows investigators to test experimental packages in a microgravity

environment for a period of 2.2 seconds. It is used extensively by NASA research

scientists as well as university principal investigators. The current focus of the programs

utilizing the facility is in the areas of combustion science and fluid physics. The role of

the Drop Tower in these areas includes the execution of ground-based science programs,

the performance of precursor tests to define space experiment science requirements and

conceptual designs, and the performance of tests for space experiment technology

NASA/CP--2000-210374 1



development and verification. The Drop Tower is an ideal research facility, especially for

exploratory tests, as it is operated at a relatively low cost and investigators participate

directly in experiment build-up and testing. The extensive utilization of the Drop Tower

is evident in the fact that over 19,000 research drops have been performed to date.
Currently about 1800 drops are conducted each year.

The Drop Tower utilizes an experiment/drag shield system for its mode of operation.

Experiments assembled on a drop frame structure are enclosed in a drag shield that has a

high weight-to-frontal area ratio and a low drag coefficient. The drag shield/experiment

assembly is hoisted to the top of the tower and released. The entire assembly falls freely

and unguided in the open environment of the tower. The experiment is isolated from

aerodynamic drag as it is contained within, but not attached to the drag shield. During

the drop, the entire assembly falls 24.1 meters, and the experiment falls freely a distance

of 20 cm within the drag shield. The package is decelerated in a 10 foot tall air bag.

Battery packs provide on-board power to the experiment. Data is acquired by high speed

motion picture cameras, video cameras, and on-board computers. Normal operations

provide the opportunity for up to 12 drops per day to be performed.
Operational Parameters

• Low gravity duration: 2.2 seconds

• Normal atmosphere with drag shield system

• Acceleration environment: 10 -3 - 10 -4 g

• Deceleration levels: 15 to 30 g's for several milliseconds

Microgravity Emissions Laboratory (MEL)

The Microgravity Emissions Laboratory (MEL) is an inertial measurement system

capable of characterizing on-orbit disturbers (i.e. equipment/source forcing functions)

from 0.5 Hz to 300 Hz and down to 10 -7 g's. These inertial forcing functions are derived

from a moderate set of bi-axial accelerometers and the measured diagonal mass matrix.
Currently MEL is outfitted to handle equipment along with the associated fixture to 300

Kg (750 Ibm). Improvements are in the works to accommodate ISPR (Space Station/

SPACEHAB) sized racks. This will allow for the handling of 1000 kg racks along with 300

kg isolation fixture as required. The service is provided by the same team that operate
the Structural Dynamics Laboratory (SDL).

The MEL is a developmental facility and the low frequency apparatus is being used
to evaluate the acceleration emissions from various assemblies such as fans, hard drives

and other component-level tests. Currently, the mass limit is 300 Kg (750 lbm) and the

maximum size is 0.6 m x 0.6 m x 0.6 m (2 ft. x 2 ft. x 2 ft.). The facility noise floor was
established by test in September 1999. Planned modifications to enable rack-level

development testing will raise the mass limit to 900 Kg (2250 lbm) and increase the
maximum size to 0.9 m x 1.0 m x 2.0 m (3 ft. x 3.5 ft. x 7 ft.).

NASA/CP--2000-210374 2



Fluid and Combustion Facility (FCF) Engineering Models

and U.S. Laboratory Mockup

This Fluids & Combustion Facility (FCF) equipment was fabricated for proof of

concepts and engineering trade off studies during the initial design of the Fluid

Integrated Rack (FIR), the Combustion Integrated Rack (CIR), and the Shared

Accommodations Rack (SAR). The FCF is being developed by the Microgravity Science
Division (MSD) at the NASA Glenn Research Center.

The FCF is a modular, multi-user facility to accommodate microgravity science

experiments on board the US Laboratory Module of the International Space Station. The

FCF will be a permanent facility aboard the ISS, and will be capable of accommodating

up to ten science investigations per year. It will support the sustained systematic

research of the effects of reduced gravity in the areas of fluid physics and combustion
science.

Active rack isolation (ARIS) is integral to all three racks along with electrical power

conversation and distribution, command and data management, image processing,
communication interfaces with the ISS. The FCF will have rack closure doors. The

environmental control subsystems will provide air thermal control, water thermal

control, fire detection and suppression, and a nitrogen gas interface.

The three racks together will provide the physical and functional infrastructure

required to perform combustion science, fluids physics and adjunct science on-board the
ISS.

The facility will be launched incrementally in three separate, integrated racks

beginning in 2001. The first rack launched will be the CIR, the second will be the FIR;

and the third will be the SAR. In 2003, the FCF will be complete with the addition of the

SAR. The FCF in its assembly complete flight configuration will add additional science

experiment capabilities.

Next MGMG Meeting

MGMG #20 will most likely be held in mid-year 2001 at the NASA Glenn Research

Center in Cleveland, Ohio. At that time (according to current schedules), the SAMS-II

and MAMS should be operating on-board the ISS. If possible, acceleration data will be

available in the meeting room to allow demonstration of real-time processing and

analysis. Bjarni Tryggvason offered that the Canadian Space Agency could host a future

MGMG meeting in either Montreal or in Toronto.

The regular topics of sensors, accelerometer systems, analysis results, vibration
isolation, microgravity environment, and science effects will continue to be included.

NASA/CP--2000-210374 3
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Space Acceleration Measurement Systems

William Foster

NASA Glenn Research Center

Cleveland, Ohio

The Space Acceleration Measurement Systems (SAMS) Project develops and deploys

the measurement systems for the Acceleration Measurement Program (AMP). At this

time there are two types of measurement systems available, quasi-steady and vibratory.

Orbital Acceleration Research Experiment (OARE) and Microgravity Acceleration

Measurement System (MAMS) are the current quasi-steady systems available. OARE

has flown numerous times supporting STS missions. MAMS has been delivered to

Kennedy Space Center (KSC) for its deployment on the International Space Station (ISS).

Vibratory measurements have been made and will be made by the Space Acceleration

Measurement System (SAMS-I) Generation I, Space Acceleration Measurement System

Generation II (SAMS-II), and Space Acceleration Measurement System Free Flyer or

Generation III (SAMS-FF). SAMS-I supported 21 STS missions and has been retired.

SAMS-II will be delivered to KSC to support ISS-6A launch (currently April 19, 2001).

SAMS-FF has replaced SAMS-I in support of STS missions and has been deployed on

sounding rockets, the KC-135 and ground facilities. SAMS-FF hardware shall be

deployed on ISS in the future to provide a more compact solution.
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Paper Number. 2

Microgravity Acceleration Measurement System

(MAMS) flight configuration verification and status

William Wagar
NASA Glenn Research Center

Cleveland, Ohio

James Fox

Canopus Systems

Ann Arbor, Michigan

The Microgravity Acceleration Measurement System (MAMS) is a precision

spaceflight instrument designed to measure and characterize the microgravity

environment existing in the US Lab Module of the International Space Station. Both

vibratory and quasi-steady triaxial acceleration data are acquired and provided to an

Ethernet data link. The MAMS Double Mid-Deck Locker (DMDL) EXPRESS Rack

payload meets all the ISS IDD and ICD interface requirements as discussed in the paper

which also presents flight configuration illustrations. The overall MAMS sensor and data

acquisition performance and verification data are presented in addition to a discussion

of the Command and Data Handling features implemented via the ISS downlink and the

GRC Telescience Center displays.
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MGMG #19

Paper Number:. 3

SAMS-FF: One system, many missions

Thomas Kacpura

ZIN Technologies

Brook Park, Ohio

The SAMS-FF system was developed as a flexible, modular system. The advantages

of this configuration are that the basic platform can easily be adapted for specific mission

requirements without having to redesign the complete system each time. Mission-

specific hardware has designed and operated for a variety of different missions, from

ground-based platforms including drop towers and reduced gravity parabolic aircraft,

to sounding rockets and the space shuttle. This presentation will describe the hardware

and mission results of several of the missions supported by SAMS-FF in the last year.
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MGMG#19

Paper Number: 4

Microgravity measurement systems in JEM

Toshitami Ikeda and Keiji Murakami

NASDA, Space Utilization Research Center

Tsukuba-city, Ibaraki, Japan

National Space Development Agency of Japan (NASDA) has been developing a

microgravity measurement apparatus (MMA) to be installed in the Japanese Experiment

Module 0EM). We can measure microgravity accelerations for each rack position by

using MMA. We have the following five experiment equipment on which we need to

measure accelerations in the JEM-PM (Pressurized Module) for the first generation.

a) Gradient Heating Furnace

b) Cell Biology Experiment Facility

c) Advanced Furnace for Microgravity Experiment with X-ray Radiography

d) Fluid Physics Experiment Facility

e) Solution/Protein Crystal Growth Facility

The MMA will be launched on flight 1J/A in 2003.

JEM vehicle side has a microgravity measurement equipment (MME) for JEM-EF

(Exposed Facility). MME consists of three tri-axial acceleration sensors (MME-S) and a

data handling unit (MME-D). Measurement data are used for comparison with

structural analysis results of JEM-EF and for reflection to the analysis model and

method. And the data are also provided for EF payload users. The MME is planned to be

launch on flight 2J/A with JEM-EE

NAS AJCP--2000-210374 91



!.___

O
II

0
pl

;E

-IJ
",-I

o

D

4_

0
0
0
¢N

I

aB

a_
I.uN
',e'_

E_

NASA/CP--2000-210374 92





NASA/CP--2000-210374 94



A

O

1,1,1

I,Im.
O
0
I=

iim
m

O
O

m
0

0

0

im

a_
>
C

il

o
m

a)

C C

EE

co Q-"
X

(D (D

(D
¢--

_L

0
4m

"0
(0
0

m

0

c

mmm

CO
(D
"0

C

(D

E
O_

Q) 0

O c
•_ m e •
0 N ---

O c O (D
I-.. c

04

m

L

O
:3
L _,

mm

L

13..

o

(D I:_
r- C

"O
nm

_E
> >.,
O-13

---0 _
_--0 c
m E oL

m L

r_ c O

CO

@
NASA/CP--2000-210374 95



A

0

N

|I

I

3
0

EL
W
rn

(D
O.
X
LU

NAS A/CP--2000-210374 96



A

ul

0
0

|m
m

3
0

o

09

f
o_ o

,._ o _-_,

0 _ 0

0 _

o2N

d_

c'q

r_

B

o _ ._i_ _.

\ .._ _,.i_.o.::.... _--.

LLI

C
ii0m

0
>,

m

n..

NASA/CP--2000-210374 97



A

ua

o

i=
iIm
m

:I
0

Cj'\

Im

(N

"0
0

Z

E
0
!.__

Q.

.0

|m

>

"0
Im

C
lib

@

NASAICP--2000-210374 98



A

ttl

O
O

c-
O

sm

O

c"

E

c--

t_ r--.,-. _ E E
"eS_
_ "_ .__ >,

"o c c

|l

0 o

°

C _- _ _

0 CD c
_ _ E •
o c E
L _ C

NASA/CP--2000-210374 99



N,-
0

II

I

O

E
0

im

im

0
O_
E
0
0

<

:s

• • V

C_ E : : --
c q) : •

o < co
0 ,_ II

4-, (i)

_C C C O_
-,-, E :) :) ._o

0 _
0 L I,--

_ o o
cO _ C C
"_ o a_ o ._>'
E 0 ---
o ,_ 00 0 >

< _ _ _-•-- 0
0

"_- • _ .-
_ n" z _

::) c
0 "_-
Z "
v

NASA/CP--2000-210374 100



NASAJCP--2000-210374 I 01



A

O

ILl

O

im

i

A

t"

t_

T

I--
..J

A

_E

1'

Z

Elm

0

NASA/CP--2000- 210374 102



A

ILl

O

|m
R

O

NASA/CP--2000-210374

I I

i

C) ,,

t

e- I
C'_ : '

O

:rl rr
! i

I I

J
!1---!

i
I I i_ L

iO!

F

g.--

F

_._

Ob

[

]

t-
O

im

OO

E
O -7

_0,

UO

Z

!

o

z _
p ol

i

r..)

+_ _ _

° i_>I,l

I I _ I q ,

6,Pi
i_ ' 1.1_1

i OI

'9>

1oo :_)

I

i0 , f

_. z_!
J

[-_ t'q

[

0)

103

{D
Z

_g

tf3

r_

.o



NASAJCP--2000-210374 104



A

N

i

I11

ri-
O

0
Bi

nm

ilk

U
0

NASA/CP--2000-210374

A

in

L.

@

0 0
0 I..0 '_'-0
(O 0,,I C c0

d 0.-, _

I
.Q

mR

ca o
o) ,._

rr o
-,.-,
c (D
¢) ..,.-,

>,E '-':=o o'_
C @-'--

LL
V

105



A

N
N

|

Ill

O
It)
e_
0

|m

11.1

|m

tim
|m

U

Q.
¢/)

C_ × _,-

= X

_)

C: C C:

.C: .C l,-

6_
N

mm

cO

E
im

X
0
s_

O.
O_

m

.n

C_
im

CI

E
CY

.C

C_
mm

0
.n

O_

E

C_
0

0
O_

NASA/CP--2000-210374 106



,¢

ttl

O

O
E

/

a

T"

"ID
v

_ _t>
¢- o

(O

e--

E "

D

,<

v

GO

!,,.,,,.

e'3
,< ,--

¢-.

E

","-

O
t,-
t_

t,'--

t

|-

-_ I.-.-

O .O

r"

Id_ r-

0_ rr"

E t"" ¢-.

__--

NASA/CP--2000-210374 107



A

ID

I"

Iii

Ell

I,.

III

llm

m

3
0

i,l

0

0
12
i,_

_ E • _

--- C
-0 "- 0 _-__

• " "o E
O c O

° E i- _ o

_-- 04
v v

NASA/CP--2000-210374 108





A

tt_
ttl

!11

!11

iim
m

3
O

NASA/CP--2000-210374 [1()

m

O

e-
iim

.E

ILl
I1
ILl



A

ttl

O

Ul

O

III

m

cO cO
(D _O

x x

c_c_

_-c6
• • . .

v

c- v

E=
c_ZZ)

Eov

_ _ 0g

0

_ww

•__ _
8

8

11

i

g,
W

0

NASA/CP--2000-210374 I 11



O

NASA/CP--2000-210374 I 12



A

1

I 'tllll
| M

I _ _"I
I _ _

NASA/CP--2000-210374 I 13



0

0
II

II

III
II

LL

NASA/CP--2000-210374 114



A

N
N

III

_ cO
e9 exl

d:, d:, ,rC:)

X X X
0 _ 0

_j o_ o_
I I I

t,O ¢0 LO
! I

o o o

X X X
0 0 0

C " t6 LO

o OO_oo

__o o_-o

V _

NASA/CP--2000-210374 I 15



A

N

tu

O

,:%

.....A

"6

b

o,
¢.-

ol

U_l

lid

O

8
o

IX,

NASA/CP--2000-21(}374 116



A

N

O

a_

U

O
|I

m

a_
O

#

!

?

8

"- ¢_

"O

0

\

"13

if

NASA/CP--2000-210374 I 17



"D

0

8_

0

0
C

D.

14--
0

m

4_
e

E
D.
0

m

Q

a

c-
O

-i-;

C

CO

°_
4-.

"0

0

cu
Q..

CO

C

C).

eU

"I0

._I

"Io

o•

_0

>.
0

0

E i

UJ

i

J

.o>, :
m_ i

" -" o I

U_

-r-

i v

0

c

m
LL

T

"I0

0

(-

:lJ._
I

r-

<

m
0

c-
o
c-

m

o

c-

.o

rr"

I
X
c-

c-

"_- X
® I.I.I
¢'_ I._.

_ 4J

I "--

i t-
(!)

i E
! "r-

x
_ LI.I

,: _)

i >'t-

LI_
-oU.J

"-N12.
i,-r_

(--

0

! --

! -_,

i a_a-

, o_

_'_
0 _

}

I

- ,--_.
0

d

NASA/CP--2000-210374 I 18



N

II
0

m

lU
e_

III

Ii,.
0

0
i

@

NASAJCP--2(X)0-21 (/374
119

¢)

c_

c_

_I- o

o_ _ o_
o+I_O_

ca ca



A

¢,

i
L

I
I.

O

I
II1

I
E
a_
o

m

O

/

1
D

co

4.a

I..-

¢-

3 "
O,I "_

,e"
_9

__ u

¢",,,I

I'-

a..a
__ (¢1

"T-

!° °
O--
C ¢.o

-<

i

v,-

¢,q

¢..
+_
x..

co

O" t.-
0"-- _'

¢...
(_ r_ o

o

I
__ L__ __

NASA/CP---2000-210374 120





NASA/CP--2O00-210374

!

122



A

0 .._

0

q-
0

4_
m

/

o

G

\

NASA/CP--2000-210374 123



NASMCP_2000-210374

124



0

NASMCP--2000-210374

125



0

N AS AJCP--20(X)-210374



NASA/CP--2000-210374 127



A

'I""
'I"
v

-I
0

m

I
4

I
'I

I"
m

i
NASA/CP--2000-210374 128



A

e,i

0

C_
IL,

0

et
m

0

NASA/CP--2000-210374 129



e_

"o

o

o

E
Q,
0

I

NASA/CP--2000-210374

2_

e-.,

"7

¢3

130



_. "-

!

NAS A/CP--2000-210374 131



'< oo/0/ 9' ;

MGMG #19

Paper Number: 5

Microgravity outreach and education

Melissa J. B. Rogers and Carla B. Rosenberg

National Center for Microgravity Research in Fluids and Combustion

Cleveland, Ohio

The NASA Microgravity Research Program has been actively developing classroom

activities and educator's guides since the flight of the First United States Microgravity

Laboratory. In addition, various brochures, posters, and exhibit materials have been

produced for outreach efforts to the general public and to researchers outside of the

program. These efforts are led by the Microgravity Research Outreach/Education team

at Marshall Space Flight Center, with classroom material support from the K-12

Educational Program of The National Center for Microgravity Research on Fluids and

Combustion (NCMR), general outreach material development by the Microgravity

Outreach office at Hampton University, and electronic/media access coordinated by

Marshall.

The broad concept of the NCMR program is to develop a unique set of microgravity-

related educational products that enable effective outreach to the pre-college community

by supplementing existing mathematics, science, and technology curricula. The current

thrusts of the program include summer teacher and high school internships during

which participants help develop educational materials and perform research with

NCMR and NASA scientists; a teacher sabbatical program which allows a teacher to

concentrate on a major educational product during a full school year; frequent educator

workshops held at NASA and at regional and national teachers conferences; a nascent

student drop tower experiment competition; presentations and demonstrations at events

that also reach the general public; and the development of elementary science and

middle school mathematics classroom products.

An overview of existing classroom products will be provided, along with a list of

pertinent World Wide Web URLs. Demonstrations of some hands on activities will show

the audience how simple it can be to bring microgravity into the classroom.
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MGMG #19

Paper Number: 6

Microgravity effects on microbiology

in space laboratories

Emily S. Nelson
NASA Glenn Research Center

Cleveland, Ohio

Elizabeth Juergensmeyer

Judson College

Elgin, Illinois

Margaret Juergensmeyer

Montana State University

Bozeman, Montana

Here we present a review of the effects of residual acceleration on microorganisms in

space laboratories. Residual acceleration in the microgravity environment is frequently

ignored by microbiologists, although their experiments may be as sensitive to this

acceleration as those designed by materials scientists and fluid physicists. Furthermore,

analysis to date has been largely empirical and/or based on very simple theoretical

models. As a result, the responses of single cells to the space environment are widely

assumed to be taking place in "pure" microgravity. These responses vary widely and are

not well understood. Some of this variation may be due to the range of microgravity

conditions experienced by the organisms. In the future, as we move from visiting orbital

environments to living and working there, we will undoubtedly bring microorganisms

with us. It is also quite likely that the first extraterrestrial life we encounter will be single-

celled organisms. Therefore, we would like to present a summary of the current

knowledge base, and to challenge the space community to develop new approaches in

understanding this important field.
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Paper Number: 7

On the evaluation of the overall disturbances induced by

g-jitter on fluid physics experimentation in the ISS

Rudolfo Monti & Rafael Savino

Universita degli Studi di Napoli

Napoli, Italy

This paper summarizes a number of numerical results for the evaluation of the

thermo-fluid-dynamic response of Fluid Physics experiments to the microgravity

environment prevailing on the International Space Station (ISS).

In previous works the present authors pointed out that quasi steady (residual-g) and

periodic (g-jitter) accelerations may be important sources of convective disturbances

during fluid and material science microgravity experimentation. One of the key results

of these studies shows that, at sufficiently high frequencies, the velocity oscillates around

a non-zero average value with the g-jitter period (t), and the scalar quantities

(temperature and/or species distributions) are also made up by a steady plus an

oscillatory contribution. For the typical g-jitter prevailing in a large part of the frequency

spectrum of the ISS, the amplitudes of the oscillation of the temperature (or

concentration) distortions are small compared to the steady, time-averaged distortions,

arising from thermovibrational effects (related to the non-zero average component of the

velocity field). This fact proves to be of a fundamental advantage for the numerical

evaluation of the overall effect of many simultaneously acting accelerations, since it can

be simply computed (i.e. with less computation time) by solving only the time-averaged

form of the field equations (Gershuni formulation).

In this paper different study cases (that show a large sensitivity to vibration

accelerations) have been identified and numerical simulations have been carried out to

extend the initial model for single frequency oscillation to the multi-frequency g-jitter

environment of the Space Station (also in the presence of a quasi steady residual-g field).

The numerical simulations are carried out considering recent predictions for the ISS

accelerations and solving both the full Navier-Stokes equations with a time-dependent

body force (that give the "exact" instantaneous time-dependent flow) and the time-

NASA/CP--2000-210374 179
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averaged field equations, containing all the g-jitter terms (that identify the environment

of the ISS) grouped in a single parameter.

It is shown that the overall "time-averaged" disturbances of the thermo-fluid-

dynamic field, in the presence of the typical microgravity environment of the ISS, can be

simply evaluated assigning as input to the CFD code a single sinusoidal (equivalent) g-

jitter based on the overall vibrational Rayleigh number (in the time-averaged

formulation).

According to the present results, ISS should be seen as an ensemble of MG platforms,

due to the substantial differences (in the convective disturbances) encountered by an

experimental facility when located inside different modules of the ISS (US Lab, COF).
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Paper Number: 8

Drag induced acceleration of the Shuttle
measured with a fluid cell

Charles A. Ward

University of Toronto

Toronto, Ontario, Canada

When the orbiting Space Shuttle has undergone a roll of 180 ° and a pitch 90 °, it

experiences an acceleration due gravitational attraction that is directed toward the center

of the earth, and an acceleration, or drag in the direction opposite to the velocity vector

that is perpendicular to the gravitational acceleration. Measurements were made on

STS-87 with a fluid cell that indicates the drag-induced acceleration (mean + SDV) is

8+_3X10 -4 g0 .1 This value is in agreement with the SAMS (Space Acceleration

Measurement System) measurement, but in disagreement with the OARE (Orbital

Acceleration Research Experiment) value.

The value inferred from the fluid cell is obtained by recording the configuration

adopted by a two-phase fluid held in glass cylinder when present on the orbiting Space

Shuttle. The recorded configuration is then compared with that predicted for different

gravitational intensities. The predictions are based on the assumption of thermodynamic

equilibrium. The value inferred from the fluid cell is larger than expected. Since it is

based on the configuration that the fluid actually adopts when subjected to g-jitter, the

result may be a g-jitter effect, or the drag-induced acceleration may in fact be larger than

expected. To distinguish these possibilities, a series of ground-based studies have been

performed with rotating fluids. The objective of these studies was to duplicate the

conditions (temperature and pressure) that the two-phase fluid experienced in orbit.

With the rotating fluids the conditions can be maintained essentially constant until the

system comes to equilibrium. Under this circumstance, the assumption of

thermodynamic equilibrium should be valid.

1. c. A. Ward, P. R_imi, M. R. Sasges, D. Stanga, "Contact angle hysteresis in the residual gravita-
tional field of the Space Shuttle", J. Chem. Phys. 112, 7195 (2000).
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When the conditions (temperature and pressure) to which the fluid is subjected, but

produced in the different circumstances (i.e. in rotation on earth and in orbit) are the

same, the fluid configuration has been found to be the same. Although the drag-induced

acceleration is larger than expected, it is calculated from the equations of motion to have

a negligible effect on the Shuttle orbit. Thus, at this time it appears the drag-induced

acceleration is larger than measured by OARE, but in agreement with SAMS.
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Paper Number: 9

Effects of g-jitter on diffusion

Bjarni Tryggvason

Canadian Space Agency

St. Hubert, Quebec, Canada

The Microgravity Vibration Isolation Mount (MIM) developed by the Canadian

Space Agency (CSA) has been used on the Mir space station and the US space shuttle to

investigate the effect of g-jitter on liquid diffusion. The first version, MIM-1, flew on the

Mir space station and was operated for over 3000 hours including approximately 100

experiments on diffusion in liquid metals. The second version, MIM-2, flew on shuttle

mission STS-85 and was used to support several fluid science experiments including one

on the effect of Brownian motion. Another experiment conducted on the Mir using the

MIM was one that looked at nucleation in glasses and the impact of g-jitter on this. These

three sets of experiments all show an effect of g-jitter on the results. Of significance is

that the sensitivity to g-jitter was at levels that are typically well below the current

International Space Station (ISS) vibratory specification. The main results of these

experiments will be presented along with the g-jitter levels.

NASA/CP--2000-210374 233



o_
r_ r_

¢',,I

Z_

NASA/CP--.O00-_ 10374 234



O

¢..,)

O

• I,,,,,,I

_ .,-.,r._

• 1,,,,,,,t

O Oo_,,_

r._ _

O

O
° ,,,,,,,I
.+,,,a

NASA/CP--2000-210374 235



©

O

O

° v,,,_

O

O . o

NASA/CP--2000-210374 236



0

NASA/CP--2000-210374 237



NASA/CP2000-210374 238



ra_

O

©

• ,w,,,,,,l

l""-

r./'l

o

o

tt-)

,fi

im

e'J 0_

2
O ._

> .-S
.m

I,i.
DI

"" G
m

t_

o

o

°_.,q

Z

_t.--
c5 I,:::;

o I'_

o
° ....i

O

¢..q
tt')

o

o

o

o

0 ,-

N G

z

o

o<

0

z

Z

0

NASA/CP--2000-210374 239



.g

g

¢".1

I I ] I I

I I I

C3

,,-4

0

¢>

,5

I%

"0
_J

4D
b_

,.o
" 0
¢j t-0

_o

_0_

iII:

NASA/CP--2000-210374 240



I I I I I

8

N_

I I I o

0

F-,

NASA/CP--2000-210374 241



i¸.

I I I I I

o

v

[-..,

i__
qD

IIIi 

NAS A/CP--2(}00-210374 242



NASA/CP--2000-210374 243



O

O

_ o

O

NASA/CP--2000-210374 244



NASA/CP--_.000-. 10374 245



Heat Sink

Insulating Foam

Thermoelectric

Cooler

Screw Extensions

Copper Heat

Transfer Spacer

Nylon Washers

Nylon Screws
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Paper Number: 10

Microgravity aspects of

ACES: Atomic Clock Ensemble in Space

Walter E. Knabe

DySAT

Kirchlinteln, Germany

ACES has been selected and scheduled by the European Space Agency to fly on the

International Space Station (ISS). ACES consists of two highly stable atomic clocks, a

cold atom cesium dock and a (space) hydrogen maser, as well as suitable time and

frequency transfer systems.

The innovative element of this space experiment is the laser-cooled Cs clock being

developed in the French project PHARAO [Projet d'Horloge Atomique par

Refroidissement d'Atomes en Orbite (A Cold Atom Clock in Space)].

• It will be utilizing the microgravity environment of ISS for achieving an appreciable

improvement over presently available clock performance, particularly in terms of clock

accuracy. The rationale is, that for the Cs atoms released collectively as individual laser-

cooled clouds, the interaction periods with the microwave field in the clock cavity can be

increased considerably (factor of ten) in the virtual weightlessness of orbital flight, over

the interaction times possible in a laboratory on Earth.

Major microgravity aspects of the accommodations of ACES on ISS, including local

micro-g acceleration measurement, will be indicated•

Support for the ACES/PHARAO is furnished by CNES, BNM, CNES, and ESA.
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Paper Number; 11

ISS microgravity environment

Design Analysis Cycle 8

Steve DelBasso

The Boeing Company

Houston, Texas

The ISS Program has developed the eighth Design Analysis Cycle (DAC-8) of the ISS

vehicle. On result of the DAC is a prediction of the microgravity acceleration

environment provided by the vehicle to the payloads. The DAC-8 results will be

reviewed in this presentation.
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Paper Number: 12

Microgravity disturbance database- DAC 8

Otto Crenwelge

Dynacs Information & Applied Technology

Houston, Texas

A microgravity disturbance forcing function database is maintained by the

Microgravity Team. The database consists of all Boeing and International Partner

estimates of their respective disturbances as well as estimates for GFE hardware and

crew intravehicular activities. A continuing assessment is made of the completeness of

capture of the disturber equipment list. A continuing assessment is also made of the

adequacy of all mechanical, acoustical, and flow forcing functions to help pinpoint

weaknesses that need to be addressed. Thermal forcing functions are treated separately.

The effects of preventative maintenance procedures are determined, and, if necessary,

their disturbance descriptions are analyzed, developed, and incorporated into the

database.

This presentation discusses the DAC8 Microgravity Disturbance Database. An

update of the current database is available. The database contains a listing of all

disturber equipment and their disturbance descriptions. Assessments of the adequacy of

disturbance descriptions and the completeness of capture of disturber equipment were

performed for all elements of the assembly complete ISS and presented at the DAC8

VIPER meeting, June 1, 2000. These are summarized in the presentation, along with

comments and issues re the element disturbance databases.
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MGMG #19

Paper Number: 13

ISS microgravity requirements and verification

Fred Henderson

Teledyne Brown Engineering

Houston, Texas

With the completion of a Payload Microgravity Requirement for Space Station for US

payloads, the means of payload verification to satisfy the new requirements must be

established. While programmatic aspects deserve some attention, the immediate

problem is to define methods that successfully verify new techniques on largely

unverified on-orbit attachment structure. The MGAIT has developed methods to

accomplish integration and verify ISS structure behavior if satisfactory data is provided

by payloads. However, the means of payloads to provide useful data is new and

unproven. Although it is permissible for payloads to be verified on the basis of analysis

alone, it is important to realize that few, if any, have the necessary experience to examine

hardware components and anticipate their likely disturbances without performing tests.

Furthermore, payloads which change subsystems and sub-payloads on-orbit need

verified payload models to perform verification from the ground. The purpose of this

presentation is to suggest how this integration validation process might proceed.
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MGMG #19

Paper Number: 14

The role of on-orbit stage-specific assessment

of the ISS microgravity environment in

meeting ISS Super Board requirements

Roy Christoffersen & Craig Schafer

Science Applications International Corporation
Houston, Texas

The International Space Station (ISS) is subject to a review process, the Super Board,

in which the on-orbit performance of the Station during assembly up to the end of 2003

is evaluated at specific milestones to determine Boeing's award fee. The evaluation

criteria will include system functionality and science capability, both areas that can be

expected to include microgravity performance. To support the Super Board, the ISS

Microgravity Analysis and Integration Team (MGAIT) is exploring the possibility of

performing a series of on-orbit assessments of the ISS microgravity environment that are

timed to support the Board's milestones. These assessments would rely heavily on

structural dynamic and vibroacoustic analytical models that are refined with on-orbit

acceleration measurement data acquired at specific assembly stages. At each milestone,

the refined analytical models would be used to predict the expected microgravity

performance of the Assembly Complete (AC) station. The results would then be shared

with the Super Board.

Present Super Board milestones exist at assembly stages 7A, UF-2, 12A.1, and 1 J/A,

culminating in a final meeting at the end of December of 2003. To accommodate each of

these milestones, a cycle consisting of on-orbit measurement, analysis and AC-

environment prediction is being considered which would follow the major changes in

the Station's global dynamic and disturbance characteristics that precede each milestone.

The first analysis cycle based on this scheme, occurring prior to 7A, would include data

and supporting analysis from the Active Rack Isolation System-ISS Characterization

Experiment. Other analysis cycles would occur after on-orbit integration of the SO truss

segment (pre-UF-2), Solar Power Platform, P3/4 truss and Solar Alpha Rotary Joint

(SARJ) (pre-12A.1), $3/4 truss, SARJ and Node 2 (pre-1 J/A) and the Japanese

Experiment Module - Pressurized Module (pre-final Board).
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Initial MGAIT plans call for the on-orbit measurement and analysis cycles to refine

assembly-stage-specific analytical models by comparing their results to data from the

Space Acceleration Measurement System-II (SAMS-II), Microgravity Acceleration

Measurement System (MAMS), and Internal Wireless-based (IWIS) accelerometer

systems. The improvements, obtained at each assembly stage, in the fidelity of the

disturbance forcing functions, transfer functions, and ARIS-system model for the on-

orbit Station components would then be used to assess the degree of conservatism and

fidelity of the AC analytical model. Because accelerometers will record the integrated

responses from disturbances from both the vehicle and payloads, the stage-specific

analytical models would need to include the effects of payloads.
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MGMG #19

Paper Number: 15

J

ISS assembly sequence

Steve DelBasso

The Boeing Company

Houston, Texas

The current assembly sequence and schedule of the ISS Program will be reviewed in

this presentation. Emphasis will be placed on microgravity science and environment

features of the assembly phase.
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Paper Number: 16

Microgravity Emissions Laboratory

facility and testing results

Anne McNelis & Thomas Goodnight

NASA Glenn Research Center

Cleveland, Ohio
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MGMG#19

Paper Number: 17

g-LIMIT status briefing

Mark S. Whorton

NASA Marshall Space Flight Center

Huntsville, Alabama

For many microgravity science experiments in the International Space Station, the

ambient acceleration environment will be exceed desirable levels. To provide a more

quiescent acceleration environment to the microgravity payloads, a vibration isolation

system named g-LIMIT (GLovebox Integrated Microgravity Isolation Technology) is

being designed, g-LIMIT is a sub-rack level isolation system that can be tailored to a

variety of applications. Scheduled for launch on the UF-1 mission, the initial

implementation of g-LIMIT will be a Characterization Test in the Microgravity Science

Glovebox (MSG). g-LIMIT will be available to glovebox investigators immediately after

characterization testing. Standard MSG structural and umbilical interfaces will be used

so that the isolation mount is transparent to the user with no additional accommodation

requirements, g--LIMIT consists of three integrated isolator modules, each of which is

comprised of a dual axis actuator, two axes of acceleration sensing, two axes of position

sensing, control electronics, and data transmission capabilities in a minimum-volume

package. In addition, this system provides the unique capability for measuring absolute

acceleration of the experiment independent of accelerometers as a by-product of the

control system and will have the capability of generating pristine accelerations to

enhance experiment operations.
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MGMG #19

Paper Number: 18

Fundamentals of microgravity vibration isolation

Mark S. Whorton

NASA Marshall Space Flight Center

Huntsville, Alabama

In view of the utility of space vehicles as orbiting science laboratories, the need for

vibration isolation systems for acceleration sensitive experiments has gained increasing

visibility. This presentation provides a tutorial discussion of microgravity vibration

isolation technology with the objective of elaborating on the relative merits of passive

and active isolation approaches. The concepts of control bandwidth, isolation

performance, and robustness will be addressed with illustrative examples. Concluding

the presentation will be a suggested roadmap for future technology development

activities to enhance the acceleration environment for microgravity science experiments.
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• ,jj

Paper Number: 19

Active Rack Isolation System

program and technical status

Glenn Bushnell

The Boeing Company

Seattle, Washington

Ian Fialho

The Boeing Company

Houston, Texas

The Boeing Active Rack Isolation System (ARIS) is one of the means used to isolate

acceleration-sensitive scientific experiments from structurally transmitted disturbances

aboard the International Space Station. The presentation provides an overview of ARIS

and technical issues associated with the development of the active control system. An

overview of ARIS analytical models is presented along with recent isolation performance

predictions made using these models. Issues associated with commanding and

capturing ARIS data are discussed and possible future options based on the ARIS ISS

Characterization Experiment (ICE) Payload On-orbit Processor (POP) are outlined. An

, overview of the ARIS-ICE experiment scheduled to fly on ISS Flight 6A is pre_nted. The

presentation concludes with a discussion of recentdevelopmental work that includes

passive rack damping, umbilical redesigns and advanced multivariable contr_p 1 design

methods. _._

References:
!

1. D.L. Edberg and B.W. Wilson, "Design and Testing of Reduced-Stiffness Umbilicals for Space Sta-

tion Microgravity Isolation", AIAA Paper # 2000-1408 in Proceedings of the 41st A1AA Structures,

Structural Dynamics and Materials Conference, Atlanta, April 2000.

2. I.J. Fialho and S.K. Thampi, "The Interplay Between Hardware and Control System Design in the

Development of the Active Rack Isolation System", AIAA Paper # 2000-1818 in Proceedings of the

41st AIAA Structures, Structural Dynamics and Materials Conference, Atlanta, April 2000.

3. l.J. Fia]ho, "H. Control Design For The Active Rack Isolation System", Proceedings of the Ameri-

can Control Conference, pp. 2082-2086, Chicago, June 2000.
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Paper Number: 20

Microgravity Vibration Isolation Mount (MIM) update

and CSA plans for isolation systems on the ISS

Bjarni V. Tryggvason

Canadian Space Agency

St. Hubert, Quebec, Canada

Over the past eight years or so the Canadian Space Agency (CSA) has developed and

flown in space the Microgravity Vibration Isolation Mount (MIM). The first version,

MIM-1, flew on the Mir space station and was operated for over 3000 hours in support of

several material science and fluid science experiments. The second version, MIM-2, flew

on shuttle mission STS-85. This work has demonstrated both the need for isolation

systems on the International Space Station (ISS) and the success of the approach used for

the MIM. Over the past two years the work has shifted to addressing CSA science needs

on the ISS. Two quite different systems based on the MIM technology are planned for the

ISS with launches expected in 2003. One system, the Microgravity Vibration Isolation

Subsystem (MVIS), has been developed in collaboration with the European Space

Agency and will be installed into the ESA Fluid Science Laboratory. The second system,

the MIM Base Unit (MIMBU), will be installed into an EXPRESS rack and will be

designed to support numerous material science and fluid science experiments. These

systems and their expected performance will be described in the presentation.
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Paper Number: 21

US Lab microgravity tests: accelerations, transfer

functions, comparisons with analyses

Otto Crenwelge

Dynacs Information & Applied Technology

Houston, Texas

Ed O'Keefe

The Boeing Company

Huntsville, Alabama

Mark Miller

The Boeing Company

Seattle, Washington

Wei-Joe Sun Vinod Shekher

The Boeing Company PDS Technical

Houston, Texas Huntsville, Alabama

Microgravity measurements and tests were conducted on the US Lab (Destiny) at

KSC in December 1999 and February 2000. The tests were conducted in three parts.

Measurements were made of rack and structure accelerations and cavity sound

pressures induced by the operation of intermittent and continuous USL equipment

items, subsystems, and combined systems. Acoustical power-to-sound pressure and

acoustical power-to-acceleration transfer functions were measured during operation of a

calibrated sound power source with USL equipment shut down. And mechanical force-

to-acceleration transfer functions were measured via application of calibrated hammer

impulses and vibrator swept sine excitations to racks and structure with USL equipment

shut down.

The data are being reduced in the form of narrowband power and energy spectral

densities, transfer functions, and coherence functions and 1/3-octave band rms and peak

spectra and transfer functions. Analytical predictions of accelerations, sound pressures,

and transfer functions for the ground test configuration are being compared with the

ground test data to determine the degree of conservatism inherent in the analyses. These

correlations are producing confidence factors that will be applied to analytical

predictions of on-orbit responses and transfer functions to obtain improved estimates of

these quantities.
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In addition, the effective sound power of the operating USL equipment systems will

be obtained by extracting the acoustical power-to-sound pressure transfer functions

from the measured sound pressures. These sound powers will then be used with the

acoustical power-to-acceleration transfer functions to calculate the portion of the

measured accelerations that were induced acoustically by the USL equipment. The

portion of the measured accelerations that were induced mechanically by the USL

equipment can then be computed by extracting the acoustically induced accelerations

from the total measured accelerations. Finally, estimates of the effective mechanical

forces of the operating USL equipment systems can be obtained by extracting the

mechanical force-to-acceleration transfer functions from the mechanically induced

accelerations.

This presentation discusses results to date and future plans. The US Lab test data

represents the best measured data available to date to the ISS microgravity community

and will be useful to both vehicle and payloads providers alike. The data illustrates the

microgravity acceleration environment expected during operation of US Lab equipment

that is identical to, or typical of, equipment being used in all ISS pressurized modules.

Measured transfer functions are presented which provide confidence in element model

predictions. Force and sound power disturbance functions to be extracted in the near

future will provide much improved descriptions of these quantities than is currently

available.
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Paper Numben 22

Testing the BUNDLE experiment for

microgravity disturbance characterization

Christy Gattis Bob Engberg

NASA Marshall Space Flight Center NASA Marshall Space Flight Center

Huntsville, Alabama Huntsville, Alabama

A primary objective of the International Space Station is to provide a premier facility

for microgravity research. There are many disturbances on board the Station that can

disturb the quality of the microgravity environment, including disturbances caused by

both system and payload hardware. Disturbances within experiments themselves can

also affect the quality of their own environment.

The primary functions of the Bridgman Unidirectional Dendrites in Liquids

Experiment (BUNDLE) are to melt, directionally solidify, and perform in-situ quench of

metallic alloys, providing data to aid in understanding the effects of the microgravity

environment on the characteristics of these processed metals. Quenching of the samples

in the BUNDLE furnace is accomplished by rapidly introducing high pressure helium

into the furnace chamber. This type of quench will induce sample vibrations which may

be large enough to adversely affect sample quality. The primary objective of the test

described in this presentation was to determine the acceleration imparted on the

BUNDLE sample during helium quench. From this information, the science community

can better assess whether this method of quench will allow them to obtain the data they

need.

Utilizing breadboard hardware, the sample quench sequence was conducted. Data

was collected from accelerometers located on the breadboard hardware and inside the

sample cartridge. The test data indicated that the maximum acceleration achieved by the

sample was 0.325 g, which is much higher than the desired microgravity (10 -6 g)

environment. However, this acceleration level occurred over a time period of less than

0.1 second. Because this time period is so short, there should be no detrimental effects to

dendrite growth. This result was consistent with the observations of the experiment

scientists, who are satisfied with the results of previous dendrite growth in this

breadboard unit.
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MGMG #19 S
Paper Number: 23

Proposed ground testing standard methods & techniques

Thomas Goodnight
NASA Glenn Research Center

Cleveland, Ohio

The methodologies used for prediction for on-orbit microgravity environment needs

to be ground validated. The data and models for such validation will be coming from

diverse sources. No standardized methodologies have been validated which cover the

entire 0 - 300 Hz range.

Current ground test data feeds into this process and therefore should be standardized

to support both narrow and third octave band analysis.
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Paper Number: 24

In flight measurement results of microgravity

space platform Photon #12 of September 1999 and

plans on modified Photon-M #1 flight

Valentin F. Agarkov

Central Specialized Design Bureau

Samara, Russia

O. L. Mumin

CSRI Electropribor

St. Petersburg, Russia

In the 9th of September 1999 a specialized automatic microgravitational platform

Foton #12 was launched from Russian cosmodrome "Plesetsk". The platform carried

microgravity-related scientific equipment from Russian Space agency, ECA, KNESS, and

DARA. Microgravity measurements were conducted with Russian equipment "Sinus-

12". "Sinus-12" is equipped with four tri-axial accelerometers.

The Space Platform successfully carried out its task. Reentry vehicle landed softly on

time. Scientific equipment was handed back to the above mentioned Space agencies.

The results of microgravity measurements during this flight are published in this

report. A short commentary is given about the next flight of "Foton-M" #1 which is

planned to fly in 2002.
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IN-FLIGHT MEASUREMENT RESULTS OF

MICROGRAVITY SPACE PLATFORM
"PHOTON" No12 OF SEPTEMBER 1999.

PLANS ON MODIFIED "PHOTON-M" No 1 FLIGHT,

V.F.Agarkov, V.D.Koziov, O.L.Mumin

Automatic specialized microgravity platform "Photon" 2qo_12was launched from the
Russian spaceport "Plesetsk" on the 9-th of September 1999. The platform was equipped with
experimental gear of the Russian aviation-space agency, ESA, CNESS and DARA for

microgravity research. The space platform completely performed its mission.

The re-entry capsule was softly landed on the Earth at the pre-set time. The experimental
gear was given to the representatives of the specified space agencies.

Microgravity measurements were performed by the Russian system "Sinus-12K" developed
by TsNII "Elektropribor" and incorporating 4 three-axis accelerometers of MSTA type. MSTA
accelerometer (magnetic spherical three-axis accelerometer) with magnetic proximity suspension

of the levitating spherical rotor. Accelerometer performances are changed over a wide range by
means of changing electronic components parameters of the suspension.

ESTA accelerometer (electric spherical three-axis accelerometer) is a spherical rotor

levitating over the electrical field of the suspension. There is a possibility to bring its sensitivity
to 1.10 g. Incompansonwlth Smus-6K system used m the prevlous fllght on Photon __oll the

number of measurin_ channels was increased from 6 to 12, accelerometers sensitivity was
increased up to 1.10- g, microaccelerations measuring time was increased from 32 hours to 240
hours.

Actually the total measuring time during "Photon" 37_012flight equaled 65 h. 2 min.
46 sec.

Diagram of accelerometers positioning relative to the coordinate center and axes of the
platform is shown in Fig. 1. Basic characteristics of"Sinus" system are given in table 1.

There were 12 in-flight runs of measurements executed over frequency ranges 0-0.1 Hz,
0.2-10 Hz, 10-300 Hz.

Results of the measurements over ranges 0.2-10 Hz and 10-300 Hz are close to the

similar ones obtained on "Photon" 37_ol1 in 1997. Results of the measurements over the range 0-0.1
Hz show that quasistationary accelerations don't exceed some micro-g units all over the flight.
Results of the measurements executed in the 7-th run of measurements of 19.09.1999-

20.09.1999 are given in Fig. 2 and Fig. 3.

These are the best achieved results. Their consideration shows that at least during 10 hour
flight the accelerations didn't exceed 6.10 .6 m/s or -6"107g. It confirms our theoretical

conclusions that carrying out certain feasible technical actions it can be achieved that during next
"Photon" flight microgravity wouldn't fall outside the limits of minus seven exponent.

Results processing of measurements over 10-300 Hz frequency range is shown in Fig. 4

as spectral components amplitudes on projection of X accelerations. These results were obtained
during the second run of measurements of 13.09.99 and are typical for the whole flight.
Considering the diagram it is seen that maximum microacceleration is achieved over frequency

range 190-265 Hz. The sources of these vibroaccelerations are mechanical units mainly the ones
placed in the re-entry capsule. Maximum achievable values are 4.10 .5 m/s (-4-104g).

"Sinus-12K" system was first used to measure accelerations at the descent leg. Figures 5-8
represent results of the platform parameters measurement during break engine operation of

24.09.1999. It showed wide potentialities of the "Sinus" system.

Fig. 5 - measurement of the velocity in the orbital motion direction (axis X of the
accelerometer).

Fig. 6 - acceleration in the orbital motion direction.
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Table 1

Paramcters

Accelerometers

Quantity of me&guring
channels

Resolution

Time of microaceelerations

registration

(_mputer

Wcight

Power consumption

Measudug of angular

velocity

Measurement ranges

Sirius- 12

MSTA, (ESTA)

12

1.10-6g. 1.10-Tg

240 h

On base uf

OCTAGON S Y S

fdltrd8

3 kg

15W

no

0-0 1 Hz

Sinus- 15

MSTA, ESTA

15

1-10"6g - 1 piece, 1,10"7g - 2 pieces,

1"10"_g- 2 pieces

400 h

On base of OCTAGON SYS cards

5 kg

30W

yes

02-10 I Iz, 10-300 I-Iz
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Fig. 5 (X axis)
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Fig. _ (X axis)
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Fig. 7, 8 and Fig. 9, 10 - respectively velocity and acceleration of the platform and the re-

entry capsule in the directions perpendicular to the orbital velocity (axes Y and Z of the
accelerometer).

Next "Photon" flight named as "Photon-M" .N'o_lis planned for the second half of 2002. It will

be totally modified including replacement of practically all major on-board systems. The purpose

of the modification is improvement of technical performances mainly augmentation of power for

experimental gear, increase of payload mass, further decrease of microgravity in quasistatic and
vibration ranges.
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Paper Number: 25

PIMS real-time data reception and
environment characterization

Kevin McPherson

NASA Glenn Research Center

Cleveland, Ohio

Kenneth Hrovat

ZIN Technologies

Brook Park, Ohio

The methodology and system concepts developed by the PI Microgravity Services

(PIMS) project to process real-time ISS microgravity acceleration data will be presented.

The characterization of these data and analyses into information meaningful to

microgravity scientists will also be described.
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Paper Number:. 26

ISS Microgravity Environment Monitoring System

(MEMS) - Part h system design

Kenol Jules
NASA Glenn Research Center

Cleveland, Ohio

Paul P. Lin

Cleveland State University

Cleveland, Ohio

The Principal Investigator Microgravity Services project at the NASA Glenn Research

center supports Principal Investigators of the microgravity science community as they

evaluate the effects of acceleration on their experiments. The Principal Investigator

Microgravity Services" primary responsibility is to support NASA sponsored

investigators in the area of acceleration data analysis, interpretation and the monitoring

of the microgravity environment on-board various carriers. The microgravity

environment is a rich and very complex dynamic one. It is subject to quasi-steady

accelerations, higher frequency acceleration, and transient disturbances.

With the advent of the International Space Station operation, a significant amount of

data is expected to be downlinked and processed for both the space station microgravity

environment characterization (verification) and scientific experiments. Therefore, to help

principal investigator teams monitor the microgravity environment on-board the

International Space Station in order to avoid negative impact on their experiment, when

possible, the NASA Glenn Principal Investigator Microgravity Services project is

currently developing an artificial intelligence monitoring system, which will notify the

principal investigator teams in near real time of any change in the microgravity

environment susceptible to affect their experiments.

The main objective of this artificial intelligence monitoring system is to help the

principal investigator teams, in near real time, identify the primary vibratory

disturbance sources that are active at any moment in time on-board the International

Space Station, which might impact the microgravity environment their experiments are

NAS A/CP--2000-210374 697
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exposed to. The soft computing techniques, which are being used, consist of an adaptive

pattern classification, which is a hybrid of Kohonen's Self-Organizing Feature Mapping

and Learning Vector Quantization, neural networks, and fuzzy logic. This monitoring

system will allow any principal investigator team, at any location and any time, to see

the current acceleration level on-board of the Space Station via the World Wide Web.

From the Principal Investigator Microgravity Services' web site, the principal

investigator teams will see in near real time which event (s) is/are on, such as crew

activities, pumps, fans, centrifuges, compressor, crew exercise, platform structural

exciting modes, etc., and decide whether or not to run their experiments based on the g-

level associated with a specific event. In addition, they will have access via the web to a

graphical display, which shows the status of all the vibratory disturbance sources with

their degree of confidence as well as their impact on the microgravity environment. This

artificial intelligence monitoring system will be synchronized with the International

Space Station's on-board clock so that a log of events is recorded for the principal

investigator teams future use. This monitoring system is focused primarily on detecting

the vibratory disturbance sources, but could be used as well to detect some of the

transient disturbance sources, depending on how long such events last. The system has

enough built-in smartness to detect both known and unknown vibratory disturbance

sources.
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A method of simulation of microacceleration field from

vibration source in microgravitational space platform

Valentin F. Agarkov

Central Specialized Design Bureau

Samara, Russia

K. B. Peresypkin

Central Specialized Design Bureau

Samara, Russia

B. D. Kozlov

Central Specialized Design Bureau

Samara, Russia

Description of a method of numerical modeling of microaccelerational levels

propagating on the structure of a microgravitational platform from the sources of

vibration in the levels from 0 to 300 Hz. Methods of finite elements are used to reduce the

model of spacecraft.

The results of research are numerical values of frequency-amplitude characteristics

between the platform structure and equipment mounted on the structure of the

platform. These values are used to calculate microgravity levels in any given point.
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V. F. Agarkov, K.V. Peresypkin, V.D. Kozlov

A Method of Simulation of Microacceleration Field from

Vibration Source in Microgravitational Space Platform

Purpose

While designing a microgravitational platform it is advisable to have a method of

estimation of on-board microacceleration. However current microacceleration

estimation methods ignore spacecraft structural elastic motions. Determination of

microaccelerations on the basis of physical experiments has some drawbacks. An

engineer gets microacceleration data when spacecraft (SC) has already been

manufactured or even launched. Not all structural motion parameters and not in all

points of construction can be measured within physical experiment. Thus,

development of a microacceleration estimation method presents interest for

microgravitational platform design. This paper offers a method of research of on-

board hardware (fans, pumps etc) excitation on microacceleration level in any

point of a structure. Further the proposed method is applied to the available

structure, that is <<Foton>> SC. In estimation we received an amplitude-frequency

characteristic of acceleration in the structural point of interest (scientific hardware

module attachment point) from excitation in the location of one of the vibration

sources. This amplitude-frequency characteristic (AFC) is made for frequency

range between 0 and 100 Hz and for different structural damping levels.

Microacceleration Estimation Method

The following microacceleration calculation algorithm is proposed.

- AFCs Wi of acceleration in the point under consideration from excitation

in the location of the vibration sources under consideration (i is a

vibration source number) are made using finite element method.

AFCs are multiplied by excitation spectrum of respective vibration

source S_, and then obtained products are integrated by frequency f. The

result of integrating is maximal acceleration (a sum of amplitudes of all

harmonics), caused by each separate vibration source:

I<(f) -s,(/)dy
f
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- Summing up contributions from separate vibration sources, we find the

maximal acceleration value in the point of interest:

a =-Za, •

For calculation AFCs the finite element method was selected because today

it is the most developed simulation method of dynamic behavior of structure

considering elasticity.

I'd like to touch upon some questions of finding AFCs Wi.

While finding AFCs, we ignore transients (activation of mechanisms, shocks

etc). That is we consider forces, with which on-board hardware acts on the

structure, vary with time in a harmonic manner with constant amplitude.

To consider excitation from on-board hardware it is necessary to study SC

structure motion in the frequency range between 0 and 300 Hz. Research of

structure vibration in such a wide frequency range requires a detailed structural

simulation. It entails increase in the number of the unknown. In a dynamic analysis

of problems with a large number of the unknown values it is logical to use a

reduction method. Modal reduction method is used in this paper.

Calculation of AFC for descent module of <<Foton 12>> SC

In this example we consider only the descent module (DM) and not whole

SC in view of the following considerations. Firstly, the structure of descent

module/other SC compartment interface is characterized by a great damping and

dampens vibrations considerably. Secondly, presumably, vibration sources, located

near experimental facilities will produce the greatest effect on the acceleration

values of experimental facilities. This presumption indicates that other conditions

being equal, vibration sources inside DM will produce a greater effect on

accelerations of these experimental facilities than other vibration sources.

The purpose of this estimation is finding a AFC of acceleration in one of

IBIS attachment points on the lower frame from a gas-fluid unit excitation (See

Fig. 1,2). For this purpose a harmonic force of 1 N amplitude is applied to gas-
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fluid unit. Dependence of amplitude of response in the investigation point vs.

excitation frequency will be the desired AFC. In this example AFC is found for

frequency range between 0 and 100 Hz.

The estimation was made on MSC/NASTRAN finite element system. The

finite element model has 32,034 unknown values and is shown in Fig. 1-4.

The modal reduction of this model was based on natural modes within

frequency range from 0 to 300 Hz. This range has 127 natural frequencies. It

should be mentioned that the majority of the obtained modes are of local character,

that is only one of structural DM elements (hardware units, upper or lower frame

or parachute container) oscillates essentially. There are no noticeable

displacements of DM shell in the majority of modes. It indicates that DM shell is

much more rigid than other structural elements. The rigid shell of DM isolates

vibrations of frames and parachute container. The first modes of oscillation of

some DM elements are shown at figures 5,6 and 7.

At present damping characteristics of the structure under consideration are

not known. However in order to consider damping effect on maximal acceleration

value in the point under consideration AFC was calculated for several damping

levels. DM structure damping was assigned as modal damping. Modal damping

factors for all modes are taken equal to each other. Five AFCs are calculated for

modal damping factors, corresponding to logarithmic decrements, given in Table 1.

The obtained AFCs for modal damping levels under consideration are given

in Fig. 8.

Table 1. Damping levels, for which AFC was calculated

N

1

2

3

4

5

Logarithmic Percent of free vibration amplitude

decrement, 8 decrease per one vibration period

0,0 0%

0,0513 5%

0,1054 10%

0,2231 20%

0,3567 30%
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The parachute
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umber side of descent

The upper flame
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z_ _ The lower frame

Figure 1. View of the left board on the inside

The set of equipment at lower

side of descent module

The gas-fluid unit

(excitable point)

The set of equipment at

right board of descent
module
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The investigated
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Figure 2. View of the right board on the inside
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Figure 3.

container

The parachute Figure 4. The set of equipment at the

upper frame and the set of equipment at

the lower frame

5'
I

q

Figure 5. The first mode of the upper

frame (36,5 Hz)
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Figure 6. The first mode of the

parachute container (63,8 Hz)

¥

z--_

Figure 7. The first mode of the

upper frame (66,5 Hz)
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Discussion of the obtained AFC

For the beginning let's consider AFC, received ignoring damping. When

there is no damping, amplitude should increase to infinity at each natural frequency

of structure vibration. As AFC was constructed on the basis of finite number of

points, increase in amplitude at resonance frequencies (further the increase will be

called resonance peak) is observed only to finite values. For the same reason the

AFC under consideration has resonance peaks at far from all natural frequencies.

Within 0 to 100 Hz frequency range there are 55 natural frequencies, only 27 peaks

(ordinal numbers of natural frequencies are indicated in Fig. 8 near appropriate

peak) can be marked at the AFC under consideration. The fact, that some peaks

have not revealed themselves at AFC, shows that acceleration amplitudes of the

vibration by respect modes are negligible except for a very narrow range around

resonance frequency. As even with a small damping these peaks will fully

disappear, we consider their discussion superfluous.

Let's discuss which modes the most revealed resonance peaks correspond to

and why. Contribution of structure vibration by i-mode into j-point vibration

amplitude is determined by multiplying j-component of i-eigenvector by amplitude

with which i-mode participates in the vibrations of structure.

That is for modes, corresponding to an explicit peak at a AFC, must be

either strongly excited under considered load or comprise great displacement in the

investigated degree of freedom of structure concerning displacements in other

degrees of freedom. Vibration modes with great displacement in excited degree of

freedom concerning displacements in other degrees of freedom are strongly

excited. Peaks, corresponding to modes with great displacement in the investigated

point are marked with circles in Fig. 8. Peaks, corresponding to modes with great

displacement in the excited point are marked with triangles in Fig. 8.

Two kinds of peaks can be singled out at AFC:

- peaks with a slanting slope from the one side and an abrupt one from

another side (for example, peaks 13, 41, 53);
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- peaks with two slanting slopes (for example, peaks 23, 45, 50).

The first kind of peaks can be explained by a known effect of vibration

phase change for the opposite one during transition via resonance. That is

acceleration amplitude of motion by the mode, corresponding to resonance

frequency, on the one side of resonance is summed up with the total acceleration

amplitude of motion by other modes, and on the other side of resonance, it is

subtracted from the total acceleration amplitude of motion by other modes.

The second kind of peaks results from the fact that acceleration amplitude of

motion by the mode, corresponding to the resonance frequency, is far greater than

acceleration amplitude of motions by other modes. Therefore total amplitude with

one of the sides becomes negative (with consideration of the phase) far off

resonance frequency. While constructing the AFC under consideration, the phase is

neglected and total point vibration amplitude is take into consideration by an

absolute value. For this reason both slopes of such peaks are slanting.

Essentially, both kinds of peaks are of the same nature and differ only in

contributions into structure motion. In most cases structural vibration by the mode,

corresponding to the second kind of peak, makes an essential contribution to

structural motion even far off resonance frequency of this mode. Structural

vibration by the mode, corresponding to the first kind of peak, produces an

essential effect on general structural vibrations only in the vicinity of the resonance

frequency.

Some words on damping effect. As shown in Fig. 8, peak height decreases

with damping increase and results in decrease of resonance condition contribution

into acceleration amplitude. Far from resonance acceleration amplitude value has a

small dependence on damping. This result is not something unexpected.

Some words about possible practical application of such AFC to decrease

accelerations of the given point. Supposing, gas-fluid unit affects structure with a

frequency of-70 Hz. Fig. 8 shows that in the vicinity of 70 Hz AFC has a group of

peaks, which will produce an unfavorable effect on acceleration level in the point,
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which the given AFC is constructed for. It should be noted that this group of peaks

corresponds to modes of the lower frame vibrations. In this case, an engineer can

raise stiffness of units of hardware attachment to the lower frame. This measure

will increase inertial properties of the lower frame during vibration with

frequencies near 70 Hz. As a result of this, a group of peaks, located in the vicinity

of 70 Hz will shift to lower frequencies and excitation will be related not to this

group of peaks but to a relatively low part of AFC that occupied frequencies

between 70 Hz and 90 Hz before modification. Thus, in this specific case we can

decrease acceleration level in hardware attachment point without changing gas-

fluid Unit or its location.
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